A B S T R A C T
Educating students in the range of subjects encompassing food safety and security as approached from a One Health perspective requires consideration of a variety of different disciplines and the interrelationships among disciplines. The Western Institute for Food Safety and Security developed a subject matter outline to accompany a previously published One Health in food safety and security curricular framework. The subject matter covered in this outline encompasses a variety of topics and disciplines related to food safety and security including effects of food production on the environment. This subject matter outline should help guide curriculum development and education in One Health in food safety and security and provides useful information for educators, researchers, students, and public policy-makers facing the inherent challenges of maintaining and/or developing safe and secure food supplies without destroying Earth's natural resources.
One sentence summary
A subject matter outline was created to accompany a One Health in food safety and security curricular framework.
One Health approaches are necessary for solving complex societal challenges and problems [1] [2] [3] [4] . The ability for agricultural systems in high income and low-to middle-income countries to successfully feed an anticipated 9 billion people by 2050 without destroying Earth's finite resources represents one such complex societal challenge. Indeed, the challenge of establishing and maintaining food safety in today's global markets has been characterized as a complex problem that lacks easy or straightforward solutions and one that will require a One Health approach [5] . According to the 1996 Rome Declaration on World Food Security and World Food Summit Plan of Action, "Food security exists when all people, at all times, have physical and economic access to sufficient, safe and nutritious food to meet their dietary needs and food preferences for an active and healthy life" [6] . While global demands for safe and sustainable sources of food are greater now than they were in 1996 when this declaration was developed, the problems associated with achieving safe and secure food supplies remain extremely complex. The large variety of diverse factors that impact production and distribution of safe food supplies including availability of natural resources, healthy ecosystems, market globalization, climate change, political instability, and poverty all underscore the need to address these issues using a One Health approach. Creatively solving problems in these and other areas will require an educated workforce that acknowledges the utility of problem-solving that considers not only an isolated problem, but also upstream factors related to a particular problem. Fortunately, recent interest in the concept of One Health has gained traction throughout the world [7] [8] [9] and international forums now exist to assist interdisciplinary groups find solutions to health challenges both locally and globally [10] . Such transdisciplinary approaches to solving problems surrounding food safety and security will be essential for sustainably meeting current and future demands for safe and secure food supplies [11] .
To help address needs for an educated workforce trained not only in traditional food safety, security, and public health, but also in other areas including food production, sustainable practices, and ecosystem health, we developed a One Health in food safety curricular framework [12] . That framework grouped food safety/security content into two areas: 1) food safety/security foundations; and 2) food safety/security leadership and management. Major topics were defined within these areas and within each major topic we defined a concept statement that broadly defined student learning objectives in a particular topic. To our knowledge, this framework was the first of its kind for guiding education and training in food safety and security that embraced a One Health approach.
In this manuscript we describe subject matter for each major topic in that curricular framework as well as major themes to be addressed by a One Health Core that spans the awareness and leadership/management sections of the framework. We anticipate that this information will serve as a useful guide for educators tasked with teaching students General pre-harvest practices:
• Pre-harvest practices to control threats from foodborne illnesses • Pre-harvest monitoring of food for contamination • Regulatory oversight of pre-harvest practices to prevent foodborne illness
General post-harvest practices:
• Post-harvest practices to control threats from foodborne illnesses • Post-harvest monitoring of food for contamination • Regulatory oversight of post-harvest processing to prevent foodborne illness Retail practices:
• Retail establishment practices to control threats from foodborne illnesses • Retail establishment monitoring to promote food safety • Regulatory oversight of retail establishments to ensure safety of food for consumers Web of causation:
• Role of environmental factors in causing food contamination • Role of farm practices in causing food contamination • Sources and routes of food contamination on the farm • Relationships between humans, animals, and the environment in preharvest food safety GAPs:
• Definition of GAPs • Role of GAPs in food safety and preventing foodborne illness • Importance of water quality in maintaining GAPs GMPs:
• Definition of GMPs • Role of GMPs in food safety and preventing foodborne illness • Pre-and postharvest methods to prevent disease introduction/spread from animals to humans and between animals and between plants including vaccination, genetic manipulation, preventing exposure, surveillance, and application of biosecurity/biocontainment principles Food Security
Threats to Food Availability Students know about factors that threaten food supplies or that restrict access of human populations to food and methods to prevent food insecurity General:
• Principles of establishing food security as described by the FAO Rome • Overview of modern produce farming practices (includes leafy greens, fruits, nuts, and grains)
• Pre-harvest (e.g., growing; harvesting) practices to reduce potential threat of foodborne illness from produce
• Post-harvest (e.g., packing; holding; processing) practices to reduce potential threat of foodborne illness from produce
• Regulatory oversight to reduce threats of foodborne illness from produce • Produce farming methods to reduce introduction of foodborne pathogens into produce Dairy:
• Overview of modern dairy farming methods including organic production and manure management • Overview of current shellfish production practices in natural and manmade environments • Effects of water contamination (including groundwater and oceans) on ecosystem health
• Flow of contaminants including nanoparticles and microplastics through water systems
• Impact of modern agriculture on water quality including effects of animal waste/waste handling practices
• Overview of strategies to mitigate and prevent water contamination • Effects of air pollution on water habitats (acid rain, climate change, ocean warming)
• Regulatory oversight to prevent water contamination • Overview of the hydrologic cycle (precipitation, infiltration, evaporation, transpiration, surface runoff, groundwater flow)
• Role of hydrologic processes in ecosystem survival including survival of humans and animals (domestic and wildlife) Soil contamination:
• Overview of soils and soil formation • Impact of modern agriculture on soil contamination and quality • Effects of land exhaustion on food production • Overview of strategies to mitigate and prevent soil contamination including phytoremediation
• Regulatory oversight to prevent soil contamination Air pollution:
• Overview of effects of human and animal activity on the atmosphere (including smog, ozone pollution, ozone depletion, climate change, and acid rain)
• Effects of modern agriculture on air quality • Effects of air pollution on ecosystem health including animal, human, and plant health • Basics of animal feed manufacturing methods • Methods for maintaining animal feed safety during feed manufacturing • Regulatory oversight of animal feed manufacturing to maintain feed safety • Roles of feed manufacturing regulators in assuring feed safety • Sampling to detect feed contamination • Impact of feed safety on food safety
Agriculture & Ecosystem Ecosystem Monitoring Students know methods for monitoring ecosystem health to prevent contamination of food and feed and illness in humans and animals (wild and domestic), and for monitoring the impacts of
• Methods to monitor ecosystem health including monitoring of land, water, air, and measuring climate change to quantify effects of human activity related to food production as it relates to sustainable development
• Role of ecosystem monitoring in preventing contamination of food and feed (including chemical contamination)
• Role of ecosystem monitoring in preventing illness in humans and animals (wild and domestic) (continued on next page) • Types of wastes generated from animal and crop production and processing
• Unsafe waste disposal practices that threaten ecosystem health and a safe food supply
• Application of methods to mitigate and prevent water contamination • Application of natural methods to mitigate and prevent soil contamination including phytoremediation (phytoextraction; rhizofiltration; phytostabilization) for heavy metal soil contamination
• Safe methods and systems to treat, dispose of, and/or utilize generated solid wastes including composting methods
• Safe methods and systems to treat, dispose of, and/or utilize generated waste water including uses of grey water and sewage treatment
• Novel methods for waste management (e.g. microbial treatments)
• Regulatory oversight of waste handling methods and waste mitigation practices including composting and water treatment about food safety and security as viewed from a One Health perspective. The organization and development of the subject matter contained in this outline came about during the process of creating our previously published curricular framework [12] . That process involved brainstorming exercises that resulted in the identification of broad categories of information that formed the basis for the published framework. As part of these exercises we also identified subjects, issues, concepts, and/ or ideas related to food safety and security that we believed would be important when these categories were viewed from a One Health perspective and in the broadest-possible context. The identified subjects, issues, concepts, and ideas are presented in this subject matter outline organized with associated curricular framework subtopic and concept statements (see Table 1 and Table 2 ).
To illustrate subject matter in an area that has gained increased national and international attention, one may consider the topic of antibiotic resistance. A need exists for a One Health approach to address the threat of antimicrobial resistance as well as for collaborations among many professional disciplines and organizations with critical roles at the intersections of human, animal, and environmental health [13] . To help illustrate subject matter related to antibiotic resistance in this outline and how coverage of this topic tries to embrace a One Health approach, one may consider the subtopic of tissue residues in food safety/security foundations (see Table 1 ). The concept statement (learning objectives) for this subtopic is that students know how and why antibiotics are used in animals, the roles and responsibilities of veterinarians under legislation, and of the impacts that antibiotics can have on human health and food safety including the development of antibiotic resistance and tissue residues. Subject matter to support learning about these concepts includes (see Table 1 ): similarities and differences between the antibiotic classes used in humans and animals; roles of antibiotics used in humans, animals, and human food production; regulatory monitoring for the presence of antibiotics in food and feed sources; regulatory oversight of antibiotics used in animals; testing for antibiotics in food and feed sources; concept of medically-important and prohibited drugs/drug classes in food producing animals; nonmedical uses of antibiotics; roles and responsibilities of veterinarians and veterinary oversight to help ensure appropriate antibiotic use (e.g. changing regulations in the USA); effects of antibiotic residues on human and environmental health; how antibiotic resistance develops; effects of antibiotic resistance on human and animal health and food safety; and alternatives to antibiotics used in food producing animals including probiotics. Coverage of these topics should help students to gain a better understanding of the challenges surrounding development and prevention of antibiotic resistance in a way that embraces a transdisciplinary One Health approach.
A key component of teaching about a One Health approach to food safety and security is the idea that students should learn to apply transdisciplinary collaborative approaches when addressing food safety problems involving animals, humans, plants, and the environment. Towards this end the outline includes One Health Core topics designed to span both foundational and leadership/management levels (see Table 3 ). Some of the coverage topics include: communication; values; ethics; leadership; teams and collaboration; diversity and multicultural awareness; and critical thinking. In a One Health in Food Safety curriculum we anticipate that these topics could be best taught using case examples that encourage students to work together to solve problems to help illustrate the benefits gained by collective engagement of experts in diverse fields.
Full development and delivery of this entire curriculum at one location would be an enormous, if not impossible, endeavor. The curriculum is broad and would require participation of experts across many different fields. While we previously suggested that it could be taught in a One Health in Food Safety and Security Center [12] , our more recent experience suggests that portions of this curriculum might also be taught by experts at different locations through use of modern telecommunication methods. This approach could draw upon the subject matter expertise of individual teachers at the same or different institutions working together to deliver information related to specific topics in this curriculum.
This subject matter outline should be broadly applicable to different audiences in different countries as the outline avoids specifying public policy related to specific countries. To illustrate this using the above antibiotic/tissue residue example, we have not named regulations specific to any particular regulatory body and, as a result, we believe that this subject matter outline can be adapted for students in different locations throughout the world.
While we believe that this curriculum touches on many aspects of food safety and security as viewed from a One Health approach, we realize that certain topics may have been overlooked. Moreover, advances in all of the sciences addressed by this curriculum will necessitate ongoing revision and updating of this curriculum. Our intent is that this subject matter outline will serve as a valuable resource for teachers and students who are tasked with teaching/ learning about food safety and security from a One Health approach, and that over time necessary updates to this outline will be made to maintain its usefulness for students and the relevant public and private food production units, industries, governments, and communities that they serve.
